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NON-TRANSITORY COMPUTER-READABLE
MEDIUM, DEVICE, AND METHOD FOR
IMAGE GENERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2019-210737, filed Nov. 21, 2019, which 1s
hereby incorporated by reference 1n 1ts entirety.

BACKGROUND

1. Field of the Disclosure

The present disclosure relates to an 1mage generation
program, an image generation processing device, and an

image generation method.

2. Description of the Related Art

In a game operating on a computer, there 1s a scene in
which a character attacks another character in heavy fighting
actions of a battle between multiple characters.

In an event where characters come nto contact with each
other such as an attack scene, images of a desired scene are
generated by causing each of the characters to perform a
series of actions by using predetermined animation data.

Such animation data that causes each of multiple charac-
ters to perform a series ol actions sometimes may fail to
reproduce an appropriate scene because portions ol the
characters cannot hit each other at an appropriate timing
when the size, body type, posture, and the like of each of the
multiple characters are diflerent from those assumed in the
amimation data.

For example, the following techniques can be given as
conventional techniques for solving such problems.

There 1s a technique for a video game processing program
that includes a function of calculating a degree at which an
angle of the backbone of a character 1s to be corrected, based
on: a predetermined timing indicating a timing at which an
attack should hit an attack target in a series of actions; a
posture of the character at this predetermined timing; and
in-game coordinates of the attack target. The posture of the
character 1s corrected depending on the correction of the
backbone angle of the character based on the calculated
degree. Then, animation 1s corrected to express a scene 1n
which the attack of the character hits the attack target at the
predetermined timing when the character executes the series
ol actions 1n the corrected character posture (for example,
see Japanese Patent No. 61353983).

Moreover, when one character attacks another character
by using a striking weapon or the like, a trajectory of the
weapon needs to be changed depending on an evasive action
(for example, ducking) or a weak point (for example,
whether the weak point 1s a head portion or a leg portion) of
the other character being the attack target to create a more
realistic attack form. For this purpose, there 1s a technique
that enables the same animation data to be used for different
attack target positions by: obtaining basic trajectory data
expressing a basic trajectory of a predetermined portion of
the character moving on a predetermined virtual standard
plane or along a predetermined virtual standard line seg-
ment; generating a corrected trajectory i which the basic
trajectory 1s corrected by changing the angle of the virtual
standard plane or the virtual standard line segment; and
determining positions and postures of joints in a joint model
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2

with the predetermined portion moving along the corrected
trajectory set as a point of origin (for example, see Japanese

Patent No. 63103517).

SUMMARY

According to one aspect of the present disclosure, a
non-transitory computer-readable medium storing an image
generation program, when executed by a game apparatus,
causes the game apparatus to perform a method. The method
includes determining, 1n a scene including a timing of a hit
ol an attack 1n a battle between a plurality of characters 1n
a game space, the timing of the hit, a predetermined portion
ol a predetermined character, and an opponent portion of an
opponent character in the battle, from the predetermined
character, the opponent character, and animation data that
causes at least the opponent character to perform an action
of the battle, the predetermined portion and the opponent

portion being portions where the hit 1s supposed to occur;
calculating a vector from the opponent portion to the pre-
determined portion at the timing of the hit; and generating an
image ol the scene by moving a position of the opponent
portion 1n each of a plurality of frames included 1n the scene
by using the vector such that the opponent portion hits the
predetermined portion at the timing of the hat.

According to another aspect of the present disclosure, an
image generation device includes a determination unit, a
vector calculation umt, and an 1mage generation unit. The
determination unit, in a scene including a timing of a hit of
an attack i1n a battle between a plurality of characters 1n a
game space, determines the timing of the hit, a predeter-
mined portion of a predetermined character, and an oppo-
nent portion of an opponent character 1n the battle, from the
predetermined character, the opponent character, and ani-
mation data that causes at least the opponent character to
perform an action of the battle, the predetermined portion
and the opponent portion being portions where the hit 1s
supposed to occur. The vector calculation unit calculates a
vector from the opponent portion to the predetermined
portion at the timing of the hit. The image generation unit
generates an image of the battle by moving a position of the
opponent character 1n each of a plurality of frames included
in the scene by using the vector such that the opponent
portion hits the predetermined portion at the timing of the
hit.

According to further aspect of the present disclosure, an
image generation method of causing a game apparatus to
generate an 1mage ol a game space includes determining, 1n
a scene including a timing of a hit of an attack 1n a battle
between a plurality of characters 1n a game space, the timing,
of the hit, a predetermined portion of a predetermined
character, and an opponent portion of an opponent character
in the battle, from the predetermined character, the opponent
character, and animation data that causes at least the oppo-
nent character to perform an action of the battle, the prede-
termined portion and the opponent portion being portions
where the hit 1s supposed to occur; calculating a vector from
the opponent portion to the predetermined portion at the
timing of the hit; and generating an 1mage of the battle by
moving a position of the opponent character 1n each of a
plurality of frames included 1n the scene by using the vector
such that the opponent portion hits the predetermined por-
tion at the timing of the hat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating an example of a hardware
configuration 1n one embodiment.
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FIG. 2 1s a view illustrating an example of a body type
model of a character.

FIG. 3 1s a diagram illustrating an example of a table
defining relationships among characters, ammation data,
portions ol characters 1n a hit, and the like.

FI1G. 4 1s a diagram 1illustrating an example of a functional
block diagram i1n one embodiment.

FIG. 5 1s a diagram 1llustrating a flowchart of processing
in Embodiment 1.

FIG. 6 1s a diagram 1llustrating a tlowchart of a specific
example of 1mage generation processing in Embodiment 1.

FIG. 7 1s a diagram 1llustrating a flowchart of another
specific example of the image generation processing in
Embodiment 1.

FIG. 8 1s a diagram 1illustrating a flowchart of a specific
example of the case where multiple hits occur substantially
at the same time i Embodiment 1.

FIG. 9 1s a diagram 1llustrating a flowchart of correction
of a posture of a character.

FIG. 10 1s a diagram 1llustrating processing performed
when multiple hits consecutively occur.

FIGS. 11A and 11B are views 1illustrating an example in
which no hit occurs due to differences between a standard
character and an actual character.

FIGS. 12A to 12C are views 1illustrating a specific
example of Embodiment 1.

FIG. 13 1s a view 1illustrating a specific example of
Embodiment 1.

FIGS. 14A and 14B are views illustrating a modified
example of Embodiment 1.

FIGS. 15A and 15B are views illustrating timings 1n the
modified example of Embodiment 1 1n which IK 1s applied
with both feet of the opponent character fixed.

FIG. 16 15 a diagram 1llustrating a flowchart of processing,
in Embodiment 2.

FIG. 17 1s a diagram 1llustrating a flowchart of a specific
example of 1mage generation processing in Embodiment 2.

FIG. 18 1s a view illustrating a specific example of
Embodiment 2.

FIGS. 19A and 19B are views illustrating timings in a
modified example of Embodiment 1.

DESCRIPTION OF TH.

(L.
L]

EMBODIMENTS

Various embodiments described below 1llustrate examples
of the mvention defined 1n the claims and do not limit the
invention. Elements of programs 1n the embodiments can be
also applied to elements of methods. Moreover, the pro-
grams may be stored in a non-transitory computer-readable
storage medium. Furthermore, the elements for implement-
ing the programs and the methods may be performed 1n
different orders or performed in parallel as long as there 1s
no contradiction. Moreover, the programs may be partially
implemented by a general-purpose operating system, hard-
ware, or the like.

The embodiments are not mutually exclusive. Accord-
ingly, incorporation of part of one embodiment into another
embodiment 1s also intended.

The embodiments are defined by specific technical ele-
ments for generating an 1mage ol a game.

Moreover, various characters 1in the embodiments may be
player characters operable by a player or non-player char-
acters not operable by a player. In the embodiments 1n which
two or more characters are used to generate an 1image of a
battle, at least one of the characters 1s desirably the player
character operable by the player so that an operation by the
player can be reflected in 1image generation.

10

15

20

25

30

35

40

45

50

55

60

65

4

Moreover, in the embodiments described below, descrip-
tion 1s given assuming that a character referred to as “oppo-
nent character” among the multiple characters 1s a character
who makes an attack to achieve consistent description and
facilitate understanding. However, the disclosed technique 1s
not necessary limited to the case where the opponent char-
acter 1s the character who makes an attack as a matter of
course.

Furthermore, animation data that causes a character to
take a series of actions only needs to be applied to at least
one ol the multiple characters. Accordingly, the animation
data does not have to be applied to some of the multiple
characters involved 1n the battle.

Moreover, 1n the embodiment, a tem “hit” 1s used. The hit
means a case where some of portions of at least two
characters come into contact with or close to each other and
one of the characters makes an impact (etlect) on the other
character. The moment when this hit occurs 1s referred to as
hit timing.

In the embodiments, description 1s given by using a
skeleton model to be described later. In the skeleton model,
the hit 1s not limited to the case where a bone or a joint of
one character comes 1nto contact with a bone or a joint of
another character. The hit may occur in portions of the
character where there 1s no bone or joint such as the center
of gravity of the character, a body surface portion away from
the bone by a certain distance, and portions of clothes.
Accordingly, the “portion” of the character 1n the following
description does not have to be part of the bone or the joint
of the character. Note that the portion may be defined as the
entire character or any portion of the character instead of a
certain portion of the character.

Moreover, the embodiments may be applied not only to
the skeleton model but also to models other than the skeleton
model.

Assume a case where the portion refers to a portion of a
bone. In this case, when an 1mage 1s generated by bringing
a bone of one character into contact with a bone of another
character at the hit timing, an unnatural image 1n which body
surface portions of the two characters clip into each other 1s
sometimes generated. In order to prevent generation of such
an unnatural image, actions of the characters may be con-
trolled such that the bodies of the characters do no overlap
(clip 1nto) each other at a moment when the surfaces of the
two characters come into contact with each other. Such
control can be achieved when data defining the characters
includes data on distances from the bones to the body
surfaces. Whether such control 1s to be performed or not
depends on a performance of a machine to be used and those
skilled 1n art can make the determination as appropriate.
Although such overlapping of the characters 1s not described
in the following description to facilitate understanding of the
description, this 1s a matter to be considered as a matter of
course.

Description 1s given below with reference to the draw-
ings. In the drawings, the same or similar configurations are
denoted by the same reference numerals. Note that repeated
description for the configurations denoted by the same
reference numerals 1s sometimes omitted to simply the
description and facilitate understanding thereof.

FIG. 1 1s a diagram 1llustrating an example of a hardware
configuration 1 one embodiment. The embodiment 1is
implemented 1n a game apparatus 100. Note that a program
or a method executed by the game apparatus may be
partially executed by a server apparatus 150 connected to the
game apparatus 100 via a network NW 140.
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The game apparatus 100 includes a CPU 102, a RAM 104,
a ROM 106, a display control unit 108, an audio control unit
112, an external storage control unit 120, a controller
interface unit 122, a touch panel interface unit 124, and a
network interface unit 126.

A display 110 1s connected to the display control unit 108
and an 1image generated 1n the embodiment 1s displayed on
the display 110.

A microphone 114, a speaker 116, and the like are
connected to the audio control unit 112. A program and data
for implementing the embodiment may be stored in the
RAM 104, the ROM 106, and a memory card 130 and a disk
132 connected to the external storage control unit 120. Note
that other storage devices (not illustrated) may be connected
to the external storage control umt 120. Moreover, the
program or data for implementing the embodiment may be
partially stored 1n the server apparatus 150.

A controller (not 1llustrated) that receives operation
instructions from the player may be connected to the con-
troller interface unit 122.

A touch sensor 134 installed 1n the display 110 or the like
1s connected to the touch panel interface unit 124. The game
apparatus 100 may receive operation instructions from the
player through the touch sensor 134.

The network NW 140 1s connected to the network inter-
face unmit 126. A telephone line, a Wi-Fi, a near field
communication device, or the like are connected to the
network NW 140 and access to the Internet or the like 1s
achieved. The server apparatus 150, game apparatuses 162
of other players, and the like may be connected to the
network NW 140. The game apparatus 100 can communi-
cate with the server apparatus 150 and multiple game
apparatuses 162 via the network NW 140. The embodiment
may be partially implemented 1n the server apparatus 150 or
the game apparatuses 162. Various behaviors such as
motions of some of the characters in the game may be
controlled 1n the game apparatus 100 based on operations of
the other players on the game apparatuses 162. An 1image of
a battle game may be thereby generated 1n the game appa-
ratus 100 with the multiple players operating their respective
characters

The CPU 102 can execute programs stored in the RAM
104, the ROM 106, the memory card 130, or the disk 132.

The hardware configuration illustrated in FIG. 1 1illus-
trates an example of main pieces of hardware 1n the embodi-
ment and pieces of hardware other than those described
above may be connected.

FIG. 2 illustrates a skeleton model as an example of a
character controlled by a game program. Although the
skeleton model of FIG. 2 represents a human figure, the
character 1s not limited to a human figure. For example,
when the character 1s an animal, a skeleton model of the
amimal may be used. The character may be a bulding, an
object, or the like.

When the character or the like 1s to be moved, a skeleton
model (FIG. 2) 1n which multiple bones 200a are connected
to one another by joints 2005 1s sometimes used. Such a
skeleton model may be used not only 1n a virtual space but
also 1n cases where a target object 1s controlled 1n an actual
space such as robot control.

The model described 1n this specification 1s formed of
multiple bones 200a connected to one another 1n parent-
chuld relationships as illustrated in FIG. 2, joints 20056, and
a body surface 200c. Turning (bending, twisting) state of
cach joint can be expressed by a direction of a child bone
based on a parent bone. A coordinate system (not 1llustrated)
1s defined for each bone to express the direction of the bone.
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A line segment connecting original points of bones 1n a
parent-child relationship 1s a bone.

In such a skeleton model used 1n control of a posture
(pose, motion, and the like) of the character (human body,
amimal, structural object, or the like) in a three-dimensional
(3D) wvirtual space or an actual space, 1t 1s necessary to
control the position, angle, turning (bending, twisting), and
the like of each of the bones and joints illustrated 1n FI1G. 2
as intended. In the skeleton model 1llustrated 1in FIG. 2, the
bones are coupled to one another at the joints and a motion
of each bone aflfects motions of the other bones.

In the embodiment, the case where the skeleton model of
FIG. 2 1s used 1s given as an example. This skeleton model
1s obtained by creating a skeleton model of a structure of a
human body, an animal, a structural object, or the like.
Accordingly, for example, a movable range of the arm
beyond the elbow has a certain limit. Causing the skeleton
model to take a pose 1 which the arm 1s bent at an angle
(bending, twisting) beyond this limit causes the skeleton
model to be a model far from an actual human or animal. In
order to generate a skeleton model that poses naturally as a
human or an animal, it 1s necessary to put a certain limait to,
for example, the movable range of the bone beyond the joint
of the elbow.

For example, an action of the character may be controlled
with the direction of the child bone with respect to the parent
being expressed by using a rotating angle about each of three
axes (X, y, Z) based on the coordinate system of the parent
bone.

The movable range of the joint may be set as follows: a
certain point on a spherical surface having the joint as a
center point 1s set as a focus; a plane orthogonal to an axis
connecting the focus and the center point corresponding to
the joint 1s set as a projecting plane; and the movable range
of the joint 1s set on the projecting plane.

Moreover, when the direction of the child bone i1s not
within the predetermined movable range or when an unnatu-
ral situation such as a situation where the arm of a certain
character clip ito the body of another character occurs, the
direction of the child bone with respect to the parent bone
may be corrected while a certain distance 1s maintained
between the body surface and the bone or the joint such that
the direction of the child bone satisfies conditions of the
movable range depending on the shape.

The animation data described in the embodiment 1s data
storing various parameters and the like of the bones and the
joints of the skeleton model together with the time axis. The
same animation data can be applied to characters having the
same skeleton model or similar skeleton models. It 1s
possible to apply the same amimation data to characters
whose skeleton models do not completely match each other
and who varies 1n body type, 1nitial pose, or size by handling
some ol the bones and the joints as one group or 1gnoring,
some of the bones and the joints as control targets and cause
the different characters to perform similar series of actions
to generate an 1mage ol a scene.

Note that the embodiment can be applied to models other
than the skeleton model of FIG. 2 as a matter of course.

A tunctional block configuration of FIG. 4 executes
processing of the embodiment described below.

FIG. 3 1s a diagram 1llustrating an example of a definition
table 300 defining relationships among characters, anima-
tion data, portions of characters in a hit, and the like.

In the table 300 of FI1G. 3, for example, you can notice that
a standard character A can perform an action of slapping
ammation and that a label attached to a location of an
address where this animation data 1s stored 1s “slapping”.
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Moreover, it 1s found that a portion (standard portion) where
the standard character A receives a hit of slapping in the
action of slapping 1s the palm of the right hand and an
opponent portion of the opponent character 1s the palm of the
right hand. Here, the case where the opponent character
slaps the standard character i1s defined. The other entries also
define actions and the like of the characters and specific
description thereof 1s omatted.

Moreover, you can notice that a label of a location where
amimation data of a virtual camera 1s stored on a memory 1s
camera 3. Information indicating which of the standard
character or the opponent character the virtual camera 1s to
follow may be stored in the animation data of the virtual
camera. Alternatively, data indicating that the virtual camera
1s fixed regardless of the positions of the characters may be
stored 1n the animation data.

Furthermore, you can notice that the hit timing of slapping
1s 0.23 seconds after the start of the scene.

Note that the animation data may include animation of the
characters after the hit. Alternatively, an action of each
character after the hit may be implemented by simulating the
degree of impact on the character and environments such as
gravity and wind. In this specification, the technique of
generation of 1mages up to the hit 1s mainly described and
those skilled in the art can select and carry out an approprate
method for the actions and behaviors of the characters after

the hat.

As described above, the table 300 of FIG. 3 defines
relationships among the amimation data of each character,
the position of a portion of the character where the hit occurs
in the hit, the virtual camera, the hit timing, and the like.
Note that the data stored 1n the table 300 1s not limited to the
aforementioned data. Moreover, the data illustrated 1n the
table 300 does not have to be always present. For example,
a timing at which an action of a portion of the standard
character or the opponent character 1s greatest in motion data
may be determined as the hit timing.

Although specific portions are specifically defined 1n the
example of the table 300, when the portion where the hit
occurs can be any portion of the body of the character, no
specific portion has to be specified.

Moreover, a type of a skeleton model of each character
may be defined. Motion data associated with the standard
character can be used for an actual character having the same
or similar skeleton model as a matter of course.

FI1G. 4 1s a diagram 1illustrating an example of a functional
block diagram 400 1n one embodiment relating to an 1mage
generation device. An animation data table 402 defines
anmimation data defining a series of actions of one or multiple
characters mvolved 1 a scene. The animation data may
define a series of actions of two characters 1n the case where
the two characters are 1n a battle. Alternatively, the anima-
tion data may be defined for only one of the characters (for
example, an attacking character). In this case, the character
for which no animation data 1s defined may be stationary or
move depending on eflects of environments such as gravity
and wind, an 1nstruction of the player, or the like. Note that,
in the embodiment described below, an action caused by
factors other than the animation data may be prohibited so
that the hit can be applied to an approprniate portion. Alter-
natively, even when an animation action 1s changed in
consideration of the action caused by factors other than the
amimation data, the animation action may be made to follow
the change or cancel out the change to prevent shufting of the
hit position. Note that the embodiments and the modified
examples thereof described below include embodiments and
examples that take action factors other than the animation
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data mto consideration and those that do not. This point 1s
referred to also when the embodiments and the modified
examples thereol are described.

A standard character data table 404, an actual character
data table 406, and an opponent character data table 408
define types of skeleton models of the respective characters,
body types around the skeletons, and objects such as clothes
worn by the characters. Note that the standard character and
the actual characters are referred to as “predetermined
character” in some cases 1n the embodiments described
below.

A determination unit 410 in FIG. 4 determines the motion
data, the characters imvolved, the portion of each character
where the hit occurs, the hit timing, and the like before
generation of an 1mage of a scene. An 1mage of a desired
scene 1s generated by determining at least these pieces of
information.

An 1mage generation unit 420 includes a vector calcula-
tion unit 422, a moving umt 424, and an anmimation data
application unit 426. The vector calculation unit 422 calcu-
lates a diflerence vector between position vectors ol a
portion of the standard character and a portion of the actual
character involved 1n the hit to grasp that the portion of the
standard character and the portion of the actual character are
present at different position vectors. Moreover, the vector
calculation umt 422 can apply the calculated diflerence
vector to a timing included i a scene up to the hit by
performing calculation such as proportionally dividing the
calculated diflerence vector depending on the timing.

The moving unit 424, for example, adds or subtracts the
position vector of the hit portion to or from the vector
calculated by the vector calculation unit 422 to perform
processing such as moving of the hit position.

The animation data application unit 426 does not only
simply apply the amimation data to the characters but also
causes the characters to perform appropriate animation
actions by controlling the postures of the characters while
taking the atorementioned moving of the hit portion, pres-
ence of the fixed portions of the characters, and the like into
consideration. Moreover, the animation data application unit
426 appropriately moves the virtual camera to generate an
image.

An operation reception unit 430 receives operations from
the player.

Note that information received from the other apparatuses
via the network interface unit as illustrated in FIG. 1 1s
considered as a matter of course. Moreover, a function of
generating sounds and the like and a function of collecting
sounds and the like from the outside may be included. Note

that the tunctions illustrated 1n FIG. 4 are examples of main
functions and do not limit the embodiments.

Embodiment 1

FIG. § 1s a diagram 1illustrating a flowchart of processing,
in Embodiment 1. Belfore description of FIG. 5, FIGS. 11A
and 11B 1llustrating an example of a situation to be handled
in Embodiment 1 are described.

FIGS. 11A and 11B are views illustrating an example 1n
which no hit occurs due to differences between the standard
character and the actual character.

In FIG. 11 A, a series of scenes of a hit 1s formed of frames
at five timings and 1s illustrated by overlapping five frames.

FIG. 11A 1llustrates a state where an opponent character
D1 brings down the right hand toward a standard character
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C0 and the palm D1¢ of the nght hand of the opponent
character D1 hits the palm CO0¢ of the right hand of the
standard character C0.

An action of the opponent character D1 bringing down the
right hand 1s illustrated by a series of five opponent char-
acters (opponent character D10 to opponent character D14).
In an actual attack scene, video of, for example, 30 frames
per second 1s generated. Accordingly, images of 16 frames
including an 1nitial frame are generated for a scene of a hit
of 2 a second. Note that, in FIG. 11 A, the number of frames
1s reduced and the scene 1s illustrated by five frames to be
simplified.

As 1llustrated 1in FIG. 11 A, the animation data 1s defined
based on the sizes, body types, postures, and the like of the
standard character and the opponent character.

FIG. 11B 1illustrates an example in which the animation
data 1s applied to the opponent character D1 and an actual
character C2 having a smaller body type than the standard
character C0. In this case, since the actual character C2 has
a smaller body type than the standard character C0, the palm
D1¢ of the right hand of the opponent character D1 does not
hit the palm C2¢ of the right hand of the actual character C2.

One of objects of the embodiments 1n this specification 1s
to generate appropriate 1images of a scene by eliminating
problems that occur when the animation data 1s applied such
as a problem 1n which a hit that should occur does not occur
between portions of characters when the animation data 1s
applied as 1illustrated in FIGS. 11A and 11B.

Returning to FIG. 5, the flowchart of FIG. S 1s a flowchart
schematically illustrating processing i Embodiment 1.
Steps 1n this flowchart are described below.

In Step S502, at least the following mnformation 1s deter-
mined 1n a scene ncluding a timing of a hit of an attack in
a battle between multiple characters in a game space.
Specifically, a standard character having a standard body
type, an opponent character 1n the battle, and animation data
that causes at least one of the standard character and the
opponent character to perform an action of the battle are
used to determine the timing of the hit and also a standard
portion of the standard character and an opponent portion of
the opponent character where the hit will occur.

The game program that controls progress of the game
selects the animation data to be currently used. Moreover,
the game program determines at least the actual character
and the opponent character appearing 1n the scene. The
actual character 1s a character actually appearing 1n the scene
and refers to a character who has different size, body type,
posture, and the like from those of the standard character to
which the ammmation data i1s applied as standard. Moreover,
the opponent character refers to a character 1n a battle with
the actual character. In order to help understanding of the
embodiment, description 1s given assuming that the oppo-
nent character 1s a character to which the animation data 1s
applied as standard. However, the opponent character may
also have different size, body type, and posture from the
standard character. The technique of this embodiment can be
applied as 1t 1s also 1n this case as a matter of course.

In step S504, an 1mage of a scene 1s generated by applying
the animation data at least one of the opponent character and
the actual character having a different body type from the
standard body type. In this application, a position of the
actual character or a position of the opponent character 1s
moved so as to generate the scene where a corresponding,
portion of the actual character corresponding to the standard
portion hits the opponent portion at the hit timing. Note that
the actual character has a skeleton model corresponding to
a skeleton model of the standard character and the same

10

15

20

25

30

35

40

45

50

55

60

65

10

amimation data as that for the standard character can be
applied to the actual character.

The aforementioned processing achieves a hit of the
corresponding portion of the actual character and the oppo-
nent portion of the opponent character at the hit timing.

FIGS. 12A to 12C are views 1illustrating a specific
example of Embodiment 1.

As 1llustrated 1n FIG. 12A, a vector A from a standard
portion CO0¢ that 1s the palm of the hand of the standard
character C0 to a corresponding portion C2¢ of the actual
character C2 1s calculated. In this case, when the standard
character and the actual character are to be moved based on
the animation data, the vector A at the hit timing may be
calculated.

When the characters move due to external factors (for
example, environmental force such as gravity and wind, an
action instruction made by the player, and the like) other
than the animation data 1n a period to which the animation
data 1s applied, it 1s desirable to take a motion of the
corresponding portion of the actual character and a motion
of the opponent portion of the opponent character into
consideration. Handling of such cases 1s described later 1n a
modified example of Embodiment 1.

As 1llustrated in FIG. 12B, the vector A 1s added to a
position vector of the entire opponent character D1. The
vector A 1s thereby added to a position vector of the
opponent portion of the opponent character D1 and the
position vector moves to a position vector of an opponent
portion of an opponent character D2.

In FIG. 12C, an action of bringing down the right hand of
the opponent character D2 achieved by applying the anima-
tion data to at least the opponent character D2 1s illustrated
by an action of a series of five opponent characters (oppo-
nent character D20 to opponent character D24).

Then, a hit of the corresponding portion C2¢ that is the
palm of the hand of the actual character C2 and an opponent
portion D2¢ that 1s the palm of the hand of the opponent
character D24 occurs at the hit timing.

Even 11 the actual character C2 having different size, body
type, posture, and the like from those of the standard
character C0 1s used, performing the aforementioned pro-
cessing moves the opponent character D1 to the position of
the opponent character D2 and enables obtaining of a scene
including an appropriate hit at the hit timing.

FIG. 13 1llustrates that a hit can be surely achieved at the
hit timing by moving the actual character C2 to an actual
character C3 at a position obtained by subtracting the vector
A from the position vector of the actual character C2 unlike
in FIGS. 12A to 12C and applying the amimation data to the
actual character C3 and the opponent character D1. Note that
the position of the opponent character at each timing 1s not
illustrated 1n FIG. 13. Since this position 1s the same as that
in the action of the opponent character D1 1n FIG. 11, i1t 1s
omitted.

Although the aforementioned moving i1s described by
grving an example in which eirther the actual character C2 or
the opponent character D1 1s moved by the vector A, 1t 1s
only necessary to move the positions of the actual character
C2 and the opponent character D1 relative to each other
based on the vector A and both characters may be thus
moved.

FIG. 6 1s a flowchart illustrating details of step S504 1n
FIG. 5. FIG. 6 1s described below 1n detail.

In step S602, whether to (1) move the actual character or
(2) move the opponent character 1s determined. This deter-
mination 1s desirably made 1n advance 1n the game program.
Alternatively, the player may specity (1) or (2). Note that a
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natural scene can be obtained in many cases by setting the
smaller character as the character to be moved. Accordingly,
the game program may select the smaller one of the char-
acters 1n the battle as the character to be moved.

In step S604, the vector A from the standard portion of the
standard character C0 to the corresponding portion of the
actual character C2 at the hit timing 1s calculated by using
the animation data.

In S606, (1) the actual character C2 1s moved to the
position of the actual character C3 such that the position
vector obtained by subtracting the vector A from the position
vector of the corresponding portion of the actual character
C2 1s set as the position vector of the corresponding portion
of the actual character C3 or (2) the opponent character D1
1s moved to the position of the opponent character D2 such
that the position vector obtained by adding the vector A to
the position vector of the opponent portion of the opponent
character D1 1s set as the position vector of the opponent
portion of the opponent character D2.

In step S608, the virtual camera 1s moved according to the
moving of the character (actual character or opponent char-
acter) to be followed. The case where the virtual camera fails
to capture a scene to be captured can be prevented by
translating the virtual camera 1n the same moving direction
as the moving of the character (actual character or opponent
character) to be followed without changing the direction of
the line of sight of the virtual camera.

Note that, when the virtual camera 1s set not to follow the
actual character or the opponent character and to capture an
image at a wide angle of view, the moving of the virtual
camera 1s not always necessary.

In step S610, the animation data 1s applied to at least one
of the actual character and the opponent character and an
image of the scene 1s generated by using the virtual camera.

An appropriate image of the scene 1s thus generated in the
alforementioned processing.

Modified Example of Embodiment 1

Next, a modified example of aforementioned Embodi-
ment 1 1s described. Since the vector A at the hit timing 1s
used in Embodiment 1, there 1s a case where the motion of
the corresponding portion of the actual character and the
motion ol the opponent portion of the opponent character
cannot be sufliciently taken into consideration when any of
the characters moves due to external factors (for example,
environmental force such as gravity and wind, an action
instruction made by the player, and the like) other than the
ammation data in the middle of the scene. A hit cannot be
sometimes appropriately achieved due to such external
factors.

FIG. 7 1s a modified example of Embodiment 1 1llustrat-
ing an example 1n which etlects of such external factors (for
example, environmental force such as gravity and wind, an
action instruction made by the player, and the like) other
than the amimation data are taken into consideration at each
timing to appropriately take the external factors into con-
sideration.

Note that, when the embodiments are described by using
video frame numbers 1n the specification and the drawings,
the timings may be expressed by the video frame numbers.
For example, when a frame at the start of animation 1s frame
0, the frame number 1s incremented one by one and the k-th
frame 1s frame k. Note that, since a time interval between
adjacent frames 1s constant, each frame number means a
predetermined timing.
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In step S702, the frame number to be processed 1s
initialized and k 1s set to 0. Moreover, whether to (10) move
the actual character or (20) move the opponent character 1s

determined. The method of this determination 1s described in
FIG. 6.

In step S704, whether k has exceeded M 1s checked. A
frame M means a frame at which the hit occurs. When k has
exceeded M, the processing 1s terminated. Note that to take
an 1mpact of the hit into consideration, additional animation
data or simulation processing that causes the character to
move 1n a form similar to a motion of an actual human or the
like may be applied to a motion of the character after the hat.
Processing after the hit i1s not afiected by the present
embodiment and those skilled 1n the art may apply appro-
priate action processing to the character.

When the determination result 1s yes 1n step S704, the
processing 1s terminated. When the determination result 1s
no, the processing proceeds to step S706.

In step S706, the following processing 1s performed at the
frame k by using the animation data.

(k1) A vector Ak from a standard portion of a transparent
standard character to the corresponding portion of the actual
character 1s calculated and (k2) a vector Bk from an oppo-
nent portion of a transparent opponent character to the
opponent portion of the opponent character 1s calculated. In
this case, the transparent standard character and the trans-
parent opponent character are characters 1n which the mov-
ing of positions due to the external factors (for example,
environmental force such as gravity and wind, an action
instruction made by the player, and the like) other than the
animation data 1s not taken into consideration.

In step S708, (10) the actual character 1s moved such that
a position vector obtained by subtracting a vector (Ak-Bk)
from the position vector of the corresponding portion of the
actual character 1s set as the position vector of the corre-
sponding portion of the actual character or (20) the opponent
character 1s moved such that a position vector obtained by
adding the vector (Ak—-Bk) to the position vector of the
opponent portion of the opponent character 1s set as the
position vector of the opponent portion of the opponent
character.

This processing allows the aforementioned external fac-
tors to be taken into consideration.

In step S710, the virtual camera 1s moved according to the
moving of the character (actual character or opponent char-
acter) to be followed.

In step S712, an image of the frame k in the scene 1s
generated by using the virtual camera.

In step S714, k 1s incremented and the processing returns
to step S704.

Performing the aforementioned processing corrects the
position of the actual character or the opponent character
appropriately at each frame while taking the moving of the
position due to the external factors (for example, environ-
mental force such as gravity and wind, an action instruction
made by the player, and the like) other than the animation
data into consideration and a natural, appropriate 1mage 1s
generated.

FIGS. 14A and 14B are views illustrating a modified
example of Embodiment 1.

FIG. 14A 1illustrates the standard character C0 and the
opponent character D1 at a frame 0. Moreover, FIG. 14A
illustrates how the position of the actual character (actual
characters C40 to C44) 1s moved due to the external factors
(for example, environmental force such as gravity and wind,
an action instruction made by the player, and the like) 1n
frames k=0 to 4.
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FIG. 14B illustrates a vector Ak (vector A0 to vector A4)
from a standard portion C0Q of the standard character C0 to
a corresponding portion of the actual character in each
frame.

In order to simplify the description, 1t 1s assumed that the
opponent character 1s not aflected by the external factors ({for
example, environmental force such as gravity and wind, an
action instruction made by the player, and the like) and a
vector Bk (B0=B1=B3=B4) from the opponent portion of
the transparent opponent character D1 to the opponent
portion of the opponent character 1s equal to O.

In this case, the vector Ak—-Bk 1s vector A0 to vector A4.
The opponent character at each timing 1s moved by using a
corresponding one of these vectors. In FIG. 14B, the oppo-
nent character at each timing i1s moved by the wvector
(Ak-BKk) with a neck jomt D1Q of the transparent opponent
character D1 set as the point of origin.

FIGS. 15A and 15B are views 1llustrating frames 1n the
modified example of Embodiment 1 1n which the posture of
the opponent character 1s corrected by applying inverse
kinematics (IK) with the positions of both feet (Fa, Fb) of the
opponent character and the opponent portion of the oppo-
nent character fixed.

In FIG. 15A, you can notice that there 1s a hit of a
corresponding portion C4¢ that 1s the palm of the right hand
of the actual character and an opponent portion D4z that 1s
the palm of the right hand of the opponent character D4.

FIG. 15B 1illustrates an example of generated images
including the actual character C4 and the opponent character
D4 in frames F0 to F4 where k=0 to 4.

FIG. 8 1s a diagram 1illustrating a flowchart of a specific
example of the case where multiple hits occur substantially
at the same time 1 Embodiment 1. When a scene includes
multiple bits occurring at the same time and the multiple hits
are hits mvolving different opponent characters, the posi-
tions of the multiple opponent characters are moved based
on directions of moving and distances of moving that are
obtained from the different opponent characters 1n a frame k
of the scene. An 1image of the frame k 1s generated.

The aforementioned processing 1s executed by being
repeated for a frame 0 to a frame M at the hit timing.

The following processing 1s executed repeatedly between
step S802 and step S810 for each of the frames from the
frame 0 to the frame M.

In step S804, animation of the frame kin a scene of a first
hit 1s executed.

In step S806, animation of the frame kin a scene of a
second hit 1s executed.

In step S808, an 1mage of the frame k of the scene 1s
generated by using the virtual camera.

The aforementioned processing can generate i1mages
included in a scene in which animations to be executed
substantially at the same time are executed substantially at
the same time.

FIG. 9 1s a diagram 1illustrating a flowchart of correction
of a posture of a character. For example, processing of
preventing clipping of the feet of a character into the ground
due to downward moving ol the character 1s sometimes
necessary. In such a case, the character 1s temporarily moved
and then the feet of the character are disposed on the ground.
This can be achieved by fixing the feet of the character and
applying, for example, mverse kinematics to correct pos-
tures of the other portions of the characters.

When the moving distance of the character 1s great (for
example, when the character jumps 1nto the air and the feet
cannot be disposed on the ground), a case where there 1s no
other appropriate measure than to leave the character tloat-
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ing 1n the air may occur. Such a case may be handled by
leaving the character floating in the atir.

In step S902, whether the character to be moved has any
fixed portion 1s determined. When the determination result 1s
no, the processing 1s terminated. When the determination
result 1s yes, the processing proceeds to step S904.

In step S904, the character 1s moved. Note that, in
Embodiment 2, portions of the character are moved.

In step S906, processing of putting the fixed portions such
as the toes back to the fixed position 1s performed.

In step S908, the inverse kinematics 1s applied to portions
other than the fixed portions to correct the posture of the
character. In this case, the processing 1s desirably performed
such that the portion where the hit occurs 1s not moved.

The aforementioned processing can correct the posture of
the moved character.

When the scene includes multiple hits occurring at sub-
stantially the same time and the multiple hits are hits
involving different corresponding portions of the actual
character, the position of the actual character or the opponent
character 1s moved based on average values of directions of
moving and distances of moving that are obtained from the
different corresponding portions.

FIG. 10 1s a diagram 1llustrating processing performed
when multiple hits consecutively occur.

In step S1002, animation 1 a scene of a {first hit 1s
executed.

In step S1004, a state of a timing of the first hit 1s set as
an 1nitial state and then animation 1n a scene of a second hit
1s executed.

The aforementioned processing allows execution of
appropriate 1mage generation processing for consecutive
hits.

As described above, when the animation data 1s to be
applied to multiple characters, the animation data 1s appro-
priately applied, allowing the multiple characters to perform
an appropriate series of actions even 1f the multiple charac-
ters vary in size, body type, posture, and the like.

Embodiment 2

FIG. 16 1s a diagram 1llustrating a flowchart of processing,
in Embodiment 2. In Embodiment 2, control 1s performed
such that a hit of a predetermined portion of a predetermined
character and an opponent portion of an opponent character
occurs at a hit timing. In this case, a vector from the
opponent portion to the predetermined portion at the hit
timing 1s used. Then, for example, the position of the
opponent portion of the opponent character 1s controlled at
cach timing such that this vector becomes zero at the hit
timing.

Although the position of the entire character 1s moved 1n
Embodiment 1 described above, in Embodiment 2, a portion
of the character 1s moved and the posture of the character 1s
corrected along with the moving of this portion by using the
inverse Kinematics to obtain an 1mage of a scene 1 which a
hit occurs 1n a posture as natural as possible.

The flowchart of FIG. 16 1s described.

In step S1602, a timing of a hit, and the predetermined
portion of the predetermined character and the opponent
portion of the opponent character where the hit 1s supposed
to occur are determined.

In step S1604, a vector Z from the opponent portion to the
predetermined portion at the hit timing 1s calculated.

In step S1606, an image of the scene 1s generated by
moving the position of the opponent portion at each of
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multiple timings included in the scene by using the vector
such that the predetermined portion hits the opponent por-
tion at the hit timing

FIG. 17 1s a diagram 1llustrating a flowchart of a specific
example of the image generation processing in Embodiment

2.

An example of specific processing in the image genera-
tion processing ol Embodiment 2 1s described below.

In step S1702, the processing 1s assumed to be performed
for a scene including a timing of a hit of an attack 1n a battle
between multiple characters 1n a game space as in Embodi-
ment 1. Weight coeflicients (PO, . . . , PM) that are each
greater than the previous weight coellicient are assigned
respectively to multiple frames from a frame of start to a
frame of the hit timing.

In step S1704, a timing k 1s mitialized (K=0). Then, the
vector from the opponent portion to the predetermined
portion at the hit timing 1s calculated.

In step S1706, whether k has exceeded M 1s checked. A
frame M means a frame at which the hit occurs. When k has
exceeded M, the processing 1s terminated. Note that to take
an 1mpact of the hit into consideration, additional animation
data or simulation processing that causes the character to
move 1n a form similar to a motion of an actual human or the
like may be applied to a motion of the character after the hat.
Processing after the hit i1s not afiected by the present
embodiment and those skilled 1n the art may apply appro-
priate action processing to the character.

In step S1708, the anmimation data 1s applied to the
opponent character. Since the vector Z 1s already calculated,
the following calculation 1s performed to move the opponent
portion:

Yk<—Yk+PkZ

where Yk 1s the position vector of the opponent portion in
the frame k and Pk i1s the weight coeflicient.

In step S1710, the inverse kinematics 1s applied to the
character with at least the opponent portion fixed and the
posture of the predetermined character 1s corrected.

In step S1712, an 1mage of the frame k of the scene 1s
generated by using the virtual camera.

In step S1714, k 1s incremented.

In the aforementioned processing, the position of the
opponent portion at each timing 1s corrected and the posture
of the opponent character i1s also corrected by using the
inverse kinematics.

FIG. 18 1s a view 1illustrating a specific example of
Embodiment 2. In the frame of a hit, there should be a hit of
a predetermined portion E1¢ that 1s the palm of the right hand
of a predetermined character E1 and an opponent portion
D1z that 1s the palm of the right hand of an opponent
character D1. However, the predetermined portion E1¢ and
the opponent portion D1¢ are away from each other by the
vector Z.

Processing of moving the position of the opponent portion
of the opponent character in each frame by a corresponding
one of vectors Z0, 71, 72, 73, and Z 1s thus performed. The
vectors Z0, 71, 72, 73, and Z are preferably vectors that are
cach set to be greater than the previous vector by being
multiplied by weight coeflicients of a monotone increase
function. Since the vector Z 1s added to the position vector
of the opponent portion in the frame of the mmpact, the
opponent portion D1z hits the predetermined portion Elz.

Moreover, in the beginning, the opponent portion 1s
desirably moved by using Z0 multiplied by a small weight
coellicient. This can avoid the case where the opponent
portion 1s moved greatly at an 1mtial timing. In addition,
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since the opponent portion D1z hits the predetermined
portion E1¢ at the timing of impact that 1s the last timing, the
action of the opponent character 1s smooth. Moreover, the
posture of the opponent character can be made more natural
by correcting the posture by applying the inverse kinematics
to the opponent portion of the opponent character in the
moving of the opponent portion using these vectors.

FIGS. 19A and 19B are views illustrating frames in a
modified example of Embodiment 1.

In FIG. 19A, the opponent characters obtained when the
opponent portions are moved and the imverse kinematics 1s
then applied are illustrated to overlap one another. Then, an
appropriate hit of a predetermined portion El# and an
opponent portion D3¢ occurs 1n the hit frame.

FIG. 19B illustrates an example of generated images
including a predetermined character E1 and an opponent
character D5 1n the frames F00 to F04 where k=1 to 4.

As described above, when the animation data 1s to be
applied to multiple characters, the animation data 1s appro-
priately applied, allowing the multiple characters to perform
an appropriate series of actions even 1f the multiple charac-
ters vary 1n size, body type, posture, and the like.

Those skilled 1n the art will understand that at least some
of the exemplary embodiments disclosed herein may be used
independently from one another and/or 1n combination with
one another and may have applications to devices and
methods not disclosed herein.

Those skilled 1n the art will also appreciate that embodi-
ments may provide one or more advantages, and not all
embodiments necessarily provide all or more than one
particular advantage as set forth herein. Additionally, 1t wall
be apparent to those skilled in the art that various modifi-
cations and variations can be made to the structures and
methodologies described herein. Thus, 1t should be under-
stood that the invention 1s not limited to the subject matter
discussed in the description. Rather, the present invention 1s

intended to cover modifications and variations.

What 1s claimed 1s:
1. A non-transitory computer-readable medium storing an
image generation program, when executed by a game appa-
ratus, causing the game apparatus to perform a method, the
method comprising:
determiming, in a scene including a timing of a hit of an
attack 1n a battle between a plurality of characters 1n a
game space, the timing of the hit, a predetermined
portion of a predetermined character, and an opponent
portion of an opponent character 1n the battle, from the
predetermined character, the opponent character, and
animation data that causes at least the opponent char-
acter to perform an action of the battle, the predeter-
mined portion and the opponent portion being portions
where the hit 1s supposed to occur;
calculating a vector from the opponent portion to the
predetermined portion at the timing of the hit; and

generating an 1mage of the scene by moving a position of
the opponent portion 1n each of a plurality of frames
included 1n the scene by using the vector such that the
opponent portion hits the predetermined portion at the
timing of the hait.

2. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the generating an 1mage includes:

assigning weight coellicients that are each greater than the

previous weight coeflicient respectively to the plurality
of frames from the frame of start to the frame of the
timing of the hit; and

at a iming of each of the plurality of frames,
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moving the opponent portion by subtracting the vector
multiplied by the weight coeflicient for the timing
from a position vector of the opponent portion after
application of the animation data to the opponent
character, and

correcting a posture of the opponent character by
applying inverse kinematics to the opponent charac-
ter with at least the opponent portion fixed.

3. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the animation data includes infor-
mation on the timing of the hit, the predetermined portion,
and the opponent portion.

4. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the determining includes determin-
ing a timing at which moving speed of the predetermined
portion or the opponent portion 1s highest in the animation
data as the timing of the hat.

5. The non-transitory computer-readable medium accord-
ing to claim 1, wherein the determining includes determin-
ing that the predetermined portion of the predetermined
character 1s a predefined portion of a character that 1s present
in a field of view 1 a direction of line of sight of the
opponent character and that 1s the closest to the opponent
character.

6. An 1mage generation device comprising:

a determination unit that, 1n a scene including a timing of

a hit of an attack in a battle between a plurality of
characters 1n a game space, determines the timing of the
hit, a predetermined portion of a predetermined char-
acter, and an opponent portion of an opponent character
in the battle, from the predetermined character, the
opponent character, and animation data that causes at
least the opponent character to perform an action of the
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battle, the predetermined portion and the opponent
portion being portions where the hit 1s supposed to
OCCUr;

a vector calculation unit that calculates a vector from the
opponent portion to the predetermined portion at the
timing of the hit; and

an 1mage generation unit that generates an 1mage of the
battle by moving a position of the opponent character
in each of a plurality of frames included 1n the scene by
using the vector such that the opponent portion hits the
predetermined portion at the timing of the hait.

7. An 1mage generation method of causing a game appa-
ratus to generate an 1mage of a game space, the method
comprising:

determiming, in a scene including a timing of a hit of an
attack 1n a battle between a plurality of characters 1n a
game space, the timing of the hit, a predetermined
portion of a predetermined character, and an opponent
portion of an opponent character 1n the battle, from the
predetermined character, the opponent character, and
animation data that causes at least the opponent char-
acter to perform an action of the battle, the predeter-
mined portion and the opponent portion being portions
where the hit 1s supposed to occur;

calculating a vector from the opponent portion to the
predetermined portion at the timing of the hit; and

generating an image of the battle by moving a position of
the opponent character in each of a plurality of frames
included 1n the scene by using the vector such that the
opponent portion hits the predetermined portion at the
timing of the hat.
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